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THE NEED FOR MIXED WASTE TREATMENT OPTIONS WITHIN THE US
DEPARTMENT OF ENERGY

W.H. McCulla and D.M. French

Chemical and Luser Sciences Division
I% Alamos Technology Ojice
University of Cal~ornia-L.m Alanros National L.aboratoq
Los Alamos, New Mexico 87545 USA

Introduction

The United States Depa.rtrmmt of Energy (DOE) has generated and stortxi significant
amounts of low-level mixed wastes consisting of radioactive materials mixed with hazardous
chemical substances in various forms. The DOE is in the process of beginning a cleanup of
these mixed wastes at many of its facilities. Many of these waste streams had been previously
disposed of by methods acceptable at the time but with the passage of very stringent laws
itffecting migration of hazardous components, now the disposal areas constitute remediation
sites, Disposal of low level radioactive waste potentially containing hazardous materials have
also fallen under hmd dispcxd restrictions and currently no mixed waste is going to low level
disposal facilities. “These wastes are now regulated under the US Environmental Protection
Agency (EPA) Land Disposal Restrictions (LDR) and must be treated and disposed in
compliance with applicable state and federal requirements. In general, LDR treatment
requirements include eliminiition of organic hazardous constitutes and stabilization of inorganic
haz~rdous constituents. Finol waste forms must meet both EPA leach-testing and DOE disposal
itccept,ance criteriit.’’(Coleman 1992) Because of the lengthy political battle over whether DOE
was subject to EPA regulittions, development and implementation of solutions to the mixed
waste problem have only begun in the last few years. As a result, the DOI? currently does not
have an adequate capability to meet these treatment objectives. Conventional methods of
destroying the hazardous components htive often either been difficult to implement, because of
the radioactive component, or hitvc met consideriible opposition from the governmental or
public sectors, Most of the opposition centers on concerns of pollution of the environment by
either or both the riidioactive and hazitrdous components. Innovative technicrtl solutions for
waste disposal thiit itddress public concerns on pollution me needed in iis short it time as
possible to uddrcss out-of-regulittcwy-compliimcc stored mixed witstes. These innovittivc wnstc
destruction technolc}gics need to hiive comparable or superior cost versus benefit, or
performance as WCI1M public acccptablity over hitselinc technologies.

The paper will address why the DOE is just now stiirdn~ to comply with environmental
laws, why there is u need to find more cffcctivc id ICSScxpcnswc tnciins of cleaning up
wastes, how the DOE is organizing to accomplish this cleanup, ttnd scvcrd phtsma technology
ckvelopmcnt efforts in the [ICE Ckmlplcx thiit show protnisc of meeting these needs,

The US I)qmrlmcrt of Itncrgy and R(~RA

‘Ilw relationship het wccn the 13cpw-tmcnt of Energy (DOE) and the Rcsmmw
(Imscrvntion UIIdRccovcry Act of 1976 (RCRA)(PUb i,. No. 94-580,90 !$tiit. 2796) its
i\tl~cn(ld, hiis bCCII iitd continues to k ilhstn]sc [it hcs1.[t](jccd,ever since Ihc Ilnviilmtllcntiil
I%otcction A~Tcncypromulgated rcguhltions implementing R(WA in 1980, IIbiittlc of
itpplicnbility of lhOSC rcgtlliltimls tO 1X113fitcilitics llilS tk’Cl) in dispute. DOI”{USd thCIilt’l&~llil&*
in R(”RA itwlf to iirg~ic thilt its f~icili[ics wtrc exempt from ~otl]pliiin(:c CVCIIthough R(XA
Sti\tc[l thiit fdcri~l filcilitics nrc included in RCI{A’S conywchcnsivc progritms,(42[JSC 60{)5;1,
1W?; ‘1’min 1984; SiCITil IWO)



Specifically, DOE cites the language in RCRA which states that none of the provisions
in RCRA “shall be construed to apply (or to authorize any State, interstate, or local authority to
regulate) any activity or substance which is subject to the Atomic Energy Act of 1954 (AEA)
except to the extent that such application (or regulation) is not inconsistent with the requirements
of such [A~.’’(42 USC 6905a)

DOE did not interpret the above AEA reference language as just a legislative affectation
but rather as an explicit and substantive reaffirmation that the AEA essentially precludes the
application of RCRA to DOE facilities.

DOE’s involvement with environmental laws essentially began back in late 1975. In that
year the Colorado Public Interest Research Group, Inc., filed suit in federal district court against
EPA to compel the EPA to control the discharge of radioactive materials into navigable waters
from the Rocky Flats Plant and the Fort St. Vrain Nuclear (Power) Generation Station. (Train
1976) In 1976, the Supreme Court held specifically that “’radioactive materials’” (source, by-
product, and special nuclear materials) are no: under the control of the EPA administration
rather, such ‘radioactive materials’ come under the AEA as administered by thel%ergy Research
and Development Administration (ERDA) (predecessor agency of the DOE),

However, the Court did note specifically that other non-radiotictive material pollutants
are regulated by the EPA vis-a-vis the Clean Water Act (CWA), i.e., solid waste, incinemtor
residue, sewage, garbage, sewiige sludge, munitions, chemical wastes, biological materials,
and industrial wastes discharged into navigable water, It is important to recognize that the Gun
did not address directly, nor was it a question before the Court, of whether the EPA or ERDA
controlled the dkcharge of industrial, chemical or inckemtor wastes that were mixed in with
radioactive wastes from nuclear weapons fiicilities, It k equally important to recognize that
because the Court’s ruling was nwrowly tailored to only radioactive materials the Court did not
preclude, and essentially left open the door for, future rcyliition under RCRA of non-
radioactive wastes that are contained in a mixture of radmiictive and non-radioactive wastes
(commonly called mixed wastes),

It was not until 1980 ~hfittlw EPA promulgated its first rcgulatk-ms under RCRA to
rmnage the nation’s hi~z:irdous wastes in iin orgimized n~im:lev nevertheless, the DOE
rmintained thiit RCRA did not apply 10 mixd wastes bcilusc, inter ali~i,(1) the AEA precluded
reguliition of DOE activities, including waste gencratkm, storage iind disposnl, by the I.H>Aor
sti~[eenvironnwntid agcncics,(42 [JSC (+)27,1992) iind(2) the data pertaining to those wastes is
restricted from public release under tk AEA, Accordingly, DOE i~ssc~cd that RCRA was
“inconsistent’’(42 USC 2201 (i)(3),l W2) with the AEA i\nd the operation of nuclear weiipon~
facilities; hcncc, RCRA did not apply to Doll’s nu~lei~ fiicilitics or its wii.\tcs,( Train 1984)

DOE’s iirgument t.hilt its nuclear facilities and mixed wasIcs were not under RCRA was
put to the test in a 1984 fcderid court case, [n thiit yei{r the Ixgitl Envhwnrncntid Assistance
Foundatkm, Inc., (LEAF), N:itttrill Rcsourccs Defense Council, Inc,, md the State of
Tcnncsscc filed suit in US District Court ogainst IMniild I {odcl, Sc~rcti\ry of the l)~pi~rtn~cl]t of
Energy i~ndthe Ix)lj itself for Rt7RA iind CWA vkdatkns iit k DOE Y-12 Pli~nt in Oik RJ{igc,
Tcnncsscc.(LEAF 1!M4)

In t;,is Iimdmark ruling the US District COUIIheld th[it th~ hi~~,iir(jouswiistc
cmponcnt(s) of mixed wiistcs from the Y-12 pl:~nt were suhjcct to RCRA. I lowcvcr, the court
held i~lso thilt if the i{ppli(.’:ition(>fR(IRA to mixed wiistcs wiis inc~msistcnt with the Al{A, th~n
the AJIA t~wk prcccdcncc. (1.IJAF 1984) As to the issue thi~t RCRA was in conflict wi[h sccrct
diitii, the COUrt h~ld thit[ th~ 1)011 ilpon its dctcrminiltitm ~h(}{lldiipply for ii l>~sitl~t)tiid
cxcmi~tim fr~m~R(XA if sccwity LWIIC’CIWSexist ft}r specific mixed ~lilst~s,(l.l~AI: 1984) A\ :1
rcslllt (}fthe c(wrt’s hoh!ing, tl)c AIIA r~gtllilt~s the ri~(iioactivc (’(~t~]lxmcntt~f mixed wi~stcs
while R(lRA r~*g[lli~tc~the h{i~,i~rd(~(lsL’(hponcnt r)f mixed wasIcs, While (m the surfiwc it nlay



first appear that tl,c operation of nuclear weapons production facilities would be in conflict with
RCRA only few notable inconsistencies actually arise between the two Acts. 1

While it appea.m to be fmly established that DOE mixed wastes are subject to RCRA,
the substantive issue at this juncture is whether by-product process materiah? (secondary
effluent streams) from a nuclear weapons production facility are a waste under RCRA or a part
of a common DOE product/waste management program, Current management and mechanisms
to address this issue are at present unresolved on a national scale, %xmku-y effluent streams
from one DOE plant in a particular state are subject to RCRA and designated as a hazardous
waste under RCRA while that same plant’s wastes having bet.n already shipped to another out-
of-state DOE fitcility are designated not subject to RCRA.

The intractability of the issue of whether secondary effluent streams are under RCRA or
are under AEA3 is still being litigated even into the 1990s.(Sierra 1990) Until this issue is
finally resolved either in the courts (on a case-by-case basis) or by the US Congress, continuity
in the overall management of DOE’s nucle,w weapons legacy materials or wastes will not be
achieved. Accordingly, a very limited volume of mixed wastes can either be transported to or
processedheated at other DOE facilities - thereby leaving the seccmd~ry effluents unprocessed
or untreated and leaving state environmental agencies unhappy and ready to file suits against the
DOE fiicilities within its jurisdiction.

After the 1984 decision on the applictibility of RCRA to mixed wastes, the US DOE
relied primiuily on each DOE site to work with the local regulatory authorities as to what the
interpretation of the 1984 court decision would be when applied to the site’s stored and newly
generated wastes. The sites were then m estitblish a plan for compliance with the local
regul:ttory bodies. Technology development for compliance tended to be very site specific,
addressing only waste ctmritcteristics and volume at individual sites. With the inability of the
Ncvad:~ Test Site to dispose of mixed waste and the beginning of closure of f~c~lities at severiil
DOE Complex sites the mixed waste problem was becomin~ more of a national issue and less of
a site specific one, An integrated itpproach for the entire DOE Complex was needed to expedite
development of solutions und minimize cost by eliminating duplication.

With this background of few acccptdde methods for mixed w:iste disposal iind ir driving
need to find acceptable solutions, the DOE h:~ cn-hrked cm a nationai Inixed waste progriwn to
develop solutions to the wiu+tcdisposiil problem. A systems i~pp~~~h of looking at all
ncccssary steps tOconvert a WilSte Strtiu’rl as it presently exists to a iinitl fortn ilC~tptilblC for
disposill is being undcrtiiken. 13i~sl?!inctechnologies for e;wh step arc imitlyzed for il~~cptiihility
i~id potcntial]y better or more innovittivc technology ciindidtites are compwed to the bnsclim.
‘1’cchnologics that Compiire fi~voriibly to the hosclinc offer options for more effective destruction
of the hii~iir(l[)tis c,mponcnts, reduced or climinmd secondary hazmdous wi~stc gcncrilticrn,
:m(i/or offer ii solution thi~tnliiy & mow iiCCC[)tiihlC iit~(l ~ilsi Iy pcrn~it t;~ble, This progmrn is

.- ...-. ..————- . _ ...-—. . .- ... .

1Since the 1984 court holdin[! in 1.I?AP, Ihc Dot!! h:Is no[ rcquc,slcd nor hiis [hc
Prcsi(lcnt seen fil to grun[ a I’rcsidcntinl cxc.mption of mixed WiiSIC’S nrising from
DOE nuctcnr WCilp(MIS production facililics,
2tn Ibis sense the term by-product pmccs$ lllill~ri ill lllC~fl S lT)illCri:ll thin is
gCllCriltCd subscqucnl 10 Ihc production of plutonium WCilpOtl S in A DOE “;lcilil; ,
SpCcifiCillly, Ihc tcrtn is nol intended to incur the “by-produ< I lllillCriOl” dcfin!lion
ill 42 [J,S,C, 2014(C) “’bymprodurt Ill:ltcl inl’ lllCililS nny ril(liOi:L’liVC Illtilcfi;l,,,yi{’ltic(l
in 01 lllild C rmdi(mlivc by exposure 10 Ihc. ril(!i:lli(lll inci(lcrrl :() Ihc proccs~ of
pr(~ducing or utilizing spcci;ll llUCICill’ lIliil Cri Ul, ”

~’1’his issue continues IO I)C significi~t)t I() 1)()[{ l)~cii(isC of thc liiCk (If o n:j,ti )t}i)l
Ct)hesivc pl;ln thilt cilhcr dctincs lllilllil~CIllCl)l of sccondnry Cftl UClll SlfCillll S iiS illl
csscnliiil pilrl Of U Wtloll” pm’css, /11)(1;11)11S,SCCol)(lilry WLISICSlrl’ilfll S iirc 11!‘ il Wi\S1l’
UIi(lCt f{(’RA {)r UIIICSS it LIIII IIC (lCtl)ot~s{ri]tCd [lli\t SUCh ~t~(’ilt)ls urc, Ior c I:IINplC,
feed [llill(’rilll for nclu(il i)rimilry pmccsscs,



developing a close working relationship with the EPA and, where possible, the affected state
regulatory agencies to improve their understanding of the DOE’s needs and to help expedite the
permitting process.

“The Mixed Waste Treatment Project (MWTP) has been established by DOE to
coordinate and to define needed national Low Level Mixed Waste (LLMW) 4 treatment
capabilities as a basis for either a prototype plant design or an existing facility modification.
Existing DOE mixed waste data bases have been analyzed to identify the range of waste
quantities and types and to define broad treatment categories as a starting point, Over 700
mixed waste streams were classified into categories that require similar processing steps for
assignment of baseline treatment. “(Ross 1992 j A baseline flow sheet defining process steps
from receipt through final form was constructed. From this baseline flow sheet, functional and
operiitional reqtiirements (F&OR) for each process train were developed. An initial set of near-
term technologies was identified for each process step, and alternative near-and long term
options were listed. Based on these analyses, technology gaps and improvement needs in the
areas of characterization, waste handling, segregation and sorting, size reduction,
decontaminittion, materials recycle, primary and secondary treatment for RCRA compliance,
off-gas treatmen~ and final waste form were identified.

In support of the MWTP the DOE Office of Technology Development (EM-50) is
conducting ongoing research, development, demonstration, tests and evaluation to assist the
Offices of Environmental Rcstoriition (EM-40), and Waste Management (EM-30) within the
DOE OffIce of Environmental Restoriition itnd Waste Managemcilt m selecting alternative
trciitment methods for mixed wastes.

The goals of the EM-50 program are to assist in establishing system rcqr,rirements, and
to enhance or improve the baseline technologies such that the chosen treatment systems can be
implemented at lower costs, and at lower risk than the baseline. The major buseline technology
for destruction of combustible waste is incineration. Conventional incineration technology tntiy
be able to meet regulittory requircrnents, although there is consideritble debate as to whether
substitntiid improvements in destruction and off-gtis handling will be required to meet the new
Clean Air Act (CAA). Also, incineriition suffers from iI very unfavorable position with the
public and, when radioactive constituents become part of the potcntiiil emissions, thirt public
position becomes hostile. The MWIP is supporting a numhcr of Pliismii based technologies thirt
miiy meet the goals of Iowcr cost, more effectivcncss, ittd better public acceptability,
Pliisn~it technologies have idrm,dy begun to Pliiy importimt roles as potentially more effective
methods for orgimk wi~stedestruction in cnvironmcntid rcmcdiation and waste treatment,
Sevwal pli~sn~iitechnologies nre being p!itnned or htive been successfully tested at a
c~ntiin~ini~ted spill site where trichkmethylenc (TCI?) is being pumped from the groumi iind the
~l;isnlii systems destroy the “1’CI;in iiir before it is rClciisd to the environment. Ilis hii~
signifrcimt iidviitltagCs over convcntionid ii~)~r(~il~hcs such us ciuhn absorption which is fairly
expensive, tends to dcgra(ic ri~pidly duc to rmn-sckwtivc ilbsorption, id presents a sc~(~ntiii~
Wilste th:lt requires destruction, Sin~iliw tcchrmlogics such ils in situ ~~~}nildischiirge hiivc
heci] or will IWi~pplied to carbon tctrilchlm-ide [CCLI) spills iit other DOE sites,

1Iot j)l;lsntil systems iirc being considered for prirniiv dcstructitm of combustible iind
hii~,itdot]s constituent contilmini~tcd wilstc, This process hils the potcntiit] ildvilnt;igc l.)f
rcmovinlt the orgitnic hil?ilKIOilS components, vi)lunlc reduction iltld Cll~ilpSUl:ltiO1lof the non-
cxmhustiblc cxmponcnts in a ~lilSS lniilri X. ~ol(l pliist~lii technologies are being tcst~d its
p(MClltiillly more VCrSiltilC, if not nmrc cffcctivc S(!L’ondil~ units, for rcplitccmcnt of ronvcnt iowll
thcrrnid trriltmcnt units, (=(~nvct~ti(}tli~lthc~l~:~ltrciltrl]cr]t hils the (Iisiidviintilgcs (If ~r~iiting N~)x
prolhns, grci~tly it~c’rcilsil~gthe w)lurnc flow thrwl~:h the system nxlking scmhhing and



particulate removal more difficult, and generally not responding well to upset conditions unless
substantially oversized for normal operations. Plasma systems have shown advantages such as
rapidly adjusting power loads to meet large swings in pollutant concentrations, removing
pollutants without increasing gas volume flow, and generily less susceptibility to corrosion due
to lower temperature of operation.

Several of these plasma development activities within the DOE Complex will be
discussed in detail below to illustrate how specific needs are potentially being solved by
innovative approaches that offer significant advantages over conventional methods,

Plasma Technology Development: VOC Destruction for ER Sites

Incineration for very low volatile organic compound (VOC) concentrations, although
the conventional approach, has three major drawb~cks: combustion can b incomplete, which
releases some of the huzardous materials, or creates others; it is generally inefficient because of
t.i]e large enthalpy that must be added to the waste stream; and fuel must be added to supply the
entha]py, so the size of the waste stream is increased considerib!y, rendering effective
particulate removal difficult, Although incineration is still considered a best available
technology, public acceptance has drastically affected the licensing of incinerator facilities.
Absorption of VOCS by activated carbon shares some similar drawbacks: regeneration does not
effectively destroy the hazardous compounds or the amount of waste is increased from the mass
of saturated canisters, if storage or dispcml is employed.

Non-thermal plasma methods of destroying htiziu-dous organic wastes have been
demonstrated at laboratory and pre-pilot plant scale, These methods involve the generation of
highly reactive oxyradicals and their reaction with organic compounds. Cold plasmas, such as
those created by electrical dischtirges in gases, can efficiently generate copious quantities of
rcactlve free ritdicds in a gaseous waste stream from the dissociation of molecular oxygen by
energetic electrons in the discharge With some water prestnt, the primary r~dicals are O(~P)
and 01 I , which can break carbon and halogen bonds, producing non-hazardous compounds
(primarily C02, H20, and other manageable by-products). One of the most promising
technologies for cold plasma processing is based upon the “silent electrical discharge” (SDP)
[hat htis proven to be indusrnally dependitble for the gener~tion of large qwmtities of ozone. For
treating gaseous or volatilizable haznrdous organic wastes, this process is projected to be
economictil]y competitive with existing treatment methods, ‘T’heiidvantages of SDP include high
throughput, superior destruction efficiency, low tcmperiitures, and straightforward engineering,
Ile process can be closed-loop, thereby bypassing the venting of destmction products or
undestroyed Witste to the environment. (Rosocha, L. A.& McCUIIW W, H,,1991)

A pre-pilot-scale SDP lilboriitory is presently set Up iit the LOSAliimos Niitionid
Li!boriit~~, LOS Aliimos, New Mexico, which hi~sbeen used to dcrnonstriite cold plasma
destruction of compounds directly ttppliCiible to VOC (>ff-~iis Wiiste streams (tit gas flows of 1()
liter/n~in, TCE rxmccntriitions of 650-1,000 ppm), 130th rc~tiingt]!i~ and CylitldriCid gconwtry
high-power plasma CCI!S,which iire patterned iiftCr stiinriard high-power cicnsity ozonizcr CCIIS,
h[IVC been CIIIplOyC(i iltd iirc iivf~ili~blC for this work.

Aliphi\ti~ hycirocarbons, chloro-fiuoro ciirbons (CFCS), iind TCE l~iiv~ hccn proccsscd
by these SDP systems to (i;\tc (prcpiiriitiot]s iirc II(>W iilmos[ NIUplCtC to han(ilc (X14), At
conccntri~tions of 1000 to 300(1”piml hy(irociwlxms itnd 200 ppm
trichl(~rotrifl~ ](~rt-wtll~~r]c((;C13Cl:3) in ilir, destruction of W% to 90% or jyci~tcr was oi~scrvcd
for iill constituents, c’iirhonyt chloride (COCIZ) ilnd ~ilrb(ltlyl fluoride ((X)1:2) were ohscrvtxl
Whl’t) OII!)J (it’yiiir WilS USCd,ht with thC iid(iiliorl Of 270 Wiit[:rVil]l(M’,110L’il14XMlylhiili(l(!!+
were observed :ind Ihc principiil prtxlucts were ~ilrbon dit~xicic ((X12), cilrl~lll mmmxi~ic (CO),
Nnciprc~~ln~iihtyhy(irogen chloride (,I [Cl) [in~ihydrogen Ilumitic (1IF), nlthough these were not
(iircctly Obwrvc(i, “1’hc destruction t~f‘1’CI[in iln ilrgoll/OXygCl~ SiitllriltC(l” WiltCt’ vupor mix has
Iwcn qttitc sijyitic;mt, Approxirn:ltcly 650 pptn of ‘1’(’[{ fc~i tt) the l~lilsnl[iucll iit 10 liter/min !~iis
IXX!IIrc(iuccci I(J1(!SSthiln 1 pplll in tht! ~ffl~l~llt, wilh ii fCW 10S of WilttSof CICCtric’ill power



delivered to the gas. Optimization tests are now in progress and a higher throughput cell (100’s
SCFI-1) is being finalized.

High-energy electron beams (Mathews, A.j., 1991), x rays (Bremsstrahlung), and
gamma rays (Mincher, B.J., 1991 ) have been shown to be effective for the removal of
h,mardous organic contaminants in water and gases and show great potential as a generally
applicable technology for the destruction of organics in other waste streams (e.g. mixed
wastes). Lawrence Livermore National Laimatory (LLNL) and the Idaho National
Engineering Laboratory (INEL) have jointly investigated the decomposition of chlorinated
hydrocarbons using ionizing radiation. Bremsstrahlung radiation (x rays) produced by electron
accelerators and gamma photons from spent reactor fuel were used as sources of ionizing
radiation for these investigations.

A demonstration for the remediation of VOC-contm.inated groundwater at LLNL Site
300 was compkted by directly treating a vacuum-extracted air stream with an electron beam. A
2.5-MeV, 1-kW average power converted x-ray machine was used as the electron-beam
irradiation source. The extracted air stream contained approximate y 60 ppm of TCE and was
treated at a flow rate of 270 SCFM (7560 std liter/rein). At these conditions, 99.87o removal of
the TCE was obtained. Taking into account an accelerator beam production efficiency of 10%
and an e-beam energy deposition efficiency of 337o gives a performance figure of merit of about
77 kW-hr/kg of removed TCE. These tests demonstrate great promise for large-scale e-beam
treatment. Advances in radiolytic technology can psrhaps decrease this by factors of 2 to 5.

Plasma Secondary Treatment for Thermal Systems

Based upon past analysis, the Rocky Flats Plant, Golden,CO. has identified the need to
explore alternatives to incinemtion of combustible wastes and the need to evaluate additicmal
technologies for the treatment of hazardous organic wastes. (Rosocha, L.A. et al., 19? 1) The
SDP process was evaluated as a post-incinerator Eeatment process of cutting fluids and
hydrocarbon oils. Encouraging results from that evaluation leod to construction and testing of a
combined, two-stage packed-bed reactor (P13R) - SDP appmatus for treating chlorocarbon-
contarninated machining oils (with a focus on TrinlSol)TM. Major goals for this system are the
determination of the process material balance (including characterization of influent
composition, destruction products, and effluents) and determination of the energy input and
destruction efficiency of the two-stage process. This effort is intended to prmmie the Rocky
Flats Plant with a prototype-scale evaluation of this particular incincriitor-ahemativc technology.

The packed-bed reactor is it thermal trwumcnt unit, not ,an incinerator, It ccnsists of a
fuel ittomizcr and injector, an alumina-filled metal cylinder, and an clemric furnace. At Los
Alarnos, we have extended packed-bed reactor operation into a high temperature regime (above
1200 C). The existing packed bed has denmnstrateci the conversion o: hydrocarbon-
chlorocurbcm liquid mixes into simpler chemical compounds by thcrnli~l combustion. The
combustible liquids (i.e., cutting fluid sirnulants) are injcctcd into the reactor while keeping the
fuel-oxidizer ratio well below the lower combustion limit. By keeping the fuel lean, and by
partially controlling the combustion reactions wilh the cxtcmid electric furnace, no flame is
produced.

Silent Discharge Pli~sm:itechnology has been dcmonstmtcd at Los Ali\m,/s and
elsewhere for the fine destruction (-ppm) of ~itSCf.)US iximrdous OrgillliC WiiStCS, {Jr ilir toxics
(e.g., 1000 ppm ‘K%, to 100s ppb). Cm]plcd with the pii~kcd M rcildor, it viiihlc iilt~rniitivc
to incincriition nnd other nwthods of t~iiting combustible liquids contiiining hii?dotis orgiink
wastes is available. This tcchniquc iillow~ efficient brcilking o! csiirh)n iind hiilo~ct] bonds,
producing non-lli17.ilr(lollS”Conlpoull(!s (primiirily C’02, I 1?0, :111(1otlicr tlliMlii~Cilt)lC by-
products).

“Ilw two-stitgc prwxs is prt~jcctcd to he cc”(ltlo~ni~,illly competitive with existing
trc:mncnt Incthds and t>ffc~ pcrftm~xlncc ii[iviit)tii~cs ils WCii, st]Ch ~s cicNc{i-i(MIp CyCICS, short
tl’CiilnlCtlt rcsi[icncc times, ittl(isuiwrior cicstru~’tion efficiency. l:iCl(i-lrCilllilClll ll!l!)it1711USCiifl



generally be simple and compact. In contrast to fueled incineration or adapted aqueous-based
treatment systems, the volume of waste is not significantly increased.

Conclusion

Cold plasma systems offer potential advantages to the DOE for the cleanup of hazardous
and mixed wastes. Many appear to offer equal or superior economics over conventional
approaches and some have better performance in removing hazardous constituents than the
baseline technology. Since much of the DOE’s waste requires some form of volume reduction
with organic contaminant destruction, plasma processes may avoid the stigma of incineration
and find greater pubIic acceptance. This greater public acceptance needs to be proven buq
considering that incinerator permits require many years of preparation, review, and public
comment with no guarantee that a permit will be issued, a more perrnittable process is certainly
in the best interest of the DOE in accomplishing its cleanup mission. Plasma technology has
already begun to make some significant inroads in waste destruction and pollution abatement,
pa.nicularly within the Depam-nent of Energy Complex. But it still does not enjoy the kind of
confidence that conventional thermal technologies enjoy. We can hope that as the plasma
technology matures and we are able to show not only significant technical and economic
advantages but also reliability that plasmas will become the methods of choice for waste
destruction and pollution control.

DISf’l,AIMF,R



Coleman, J. (1992 ),” Mixed Waste Treatment Project--Scope e.ld Status,” Waste Management
92, Tucson, AZ, Technology and Programs for Radioactive Waste Management and
Envtinmental Restoration, March,1992,PA 1123

LEAF, 586 F. Supp. at 1165. (1984)

Pub. L. No.94-580,90 Stat. 2796 (cMifid asmenddat42U.S.C.A 6901 -6991i (West
1990 & Supp. 1992) (in 1980, the EPA began its rulemaking irnplementating RCRA
which, in[er alai, established an extensive “cradle to grave” program for hazardous
wastes, involving regulations on hazardous waste generation, treatment, storage,
disposal, and transportation).

Rosocha, L.A. and McCulla, W. H., “Non-Equilibrium Plasma Combustion of Hazardous
Organic Compounds Using Silent Discharge Plasmas”, 44rh Annual Gaseous
Electronics Conference, Albuquerque, NM, October 1991

Rosocha, L.A., McCulla, W. H., Anderson, G. K., Coogan, J.J., Kang, M., Tennant,
R,A., and Wantuck, P.J., “Nonthermal Plasma Alternatives to the Incineration of
Hazardous Organic Wastes”, Proceedings of the 1lth International [incineration
Conference, Albuquerque, NM, 1991, PA 179-185

Ross, W. A., “kiition, Volumes, and Characterization of DOE’s Mixed Low-Level
Wastes”, Wasre Management 92, Tucson, AZ, Technology and Programs for
Radioactive Waste Management and Environmental Restoration, March,1992, PA 1]27

Club v, U~s Depa tment of Ener~ and Rock
~, 734 F: Supp. 946 (D. Colo. 1990) (where t?e court held, inter alai,

ell
o

that incinerator ash was a hazardous waste under RCRA because the plutonium in the
materials incinerated were not available for immediate reuse, and; thus qualify for a
recycling exemption under RCRA; Sierra Club v. United States Department of
Energy, 770 F. Supp, 578 (D, Colo. 1991) (where the court held, inter alai, that
DOE must obtain a RCRA permit for illegally stored mixed wastes).

Train v, Colorado Public Interest Research Group, Inc., 426 U.S. 1 (1976).

~ 426 U.S. 1; Lc@ Environmental Assistance Foundation (LEAF) V. Hodel 586 F. SUpp.
1163 (E,D, Term., 1984).

42 [),s,C.

42 U.S,C.

42 U, S.C,.

2201(i)(3). (1992)

6905(U), (1992)

6927, ( 1992)



SUBJECT INDEX
ARW on Non-Thermal
Plasmas/Pollution Control
Mc Culls et al

Atomic Energy Act of 1954 (AEA) 2,3

Bremsstrahlung 6

Cold plasma 4,5,7

Colorado Public Interest Research
Group, Inc. 2

Discharge 5
Cc-ma 4
Dielectric Barrier or Silent 5,6

Economic 5,6,7

Low Level Mixed Waste (LLMW) 4
Regulation 1,2

Mixed Waste Treatment Project (MWTP)
4

Baseline flow sheet 4
Mixed waste data base 4

Natural Resources Defense Council, Inc.
2

Office of Environmental Restomion
(EM-40) 4

Office of Environmental Restoration and
Waste Management (EM) 4

Office of Technology Development (EM-
50) 4

Office of Waste Management (EM-30)4

Ozone 5
Electron accelerator 6

Packed-bed reactor (PBR) 6
Electron beam 6

Radical 5
Environmental law 1,2

Clean Air Act (CAA) 4
Clean Water Act (CWA) 2

Energy Research and Development
Administration (ERDA) 2

Final waste form 1,4

Gamma 6

Gaseous waste 5,6

Hazardous chemical substances (see
Waste, Hazardous) 1

Tncinerution 4, 5,6,7

Innovative technology 1,3

Land Disposal Restrictions (LDR) 1
Leach test 1

Legal Environmental Assistance
Foundtition, Inc., (LEAF) 2

Radioactive material 1,2
Regulation 2

Resource Consewation and Recovery Act
of 1976 (RCRA) 1, 2, 3, 4

RCRA 2,8

Thermal treatment 4
Thermal treatment unit 4,6

Department of Energy 1
DOE 1, 2, 3,4,5, 7,8
USDOE 3

Volatile organic compound (VOC) 5,6

Waste, hazardous
carbon tetrachloride (CC14) 4,5
carbonyl chloride (COC12) 5
carbonyl fluoride (COF2) 5
trichloroethylene ~CE) 4,5,6


